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RYETEEMEM . WA X L BRI SEER AW R RS, DA, ElH
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P25 BE (00 A1, TR BERE 15 5 I CT Sifg b AUAE CT B fig CT 424k 77
W IR Re 0y, JCHORTERRIEY) . BE S SE R AT I ) N, ORI T
ATHARIHERY

JEF1H4L (photon counting) MIMERA 80 AFEARHEH LISk, 7559 YRR (1 BR300 Aak
KA T BB TSR, BEEE T B0 X RIS (Photon Counting X-ray Detector,
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Specific Integrated Circuits, ASIC) FHEN, ARG THE R vl g, FEh
HN T X ARAT T 7R . O TR I A B B RS ), TR AT R
ERETG Y X SR REX U T IR, AMSEEL T “ 2R8I g AR TR ARG BTN
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ARBAN AN X SR AR R FE I 2008 AEILSE MU 2 4F 22 (Radiological Society of
North America, RSNA) 4E4x b, JG7iH 82 BEib UG SR MM ARy — A3 i L AT T
WA, R RSV A AR WA 2 TR, GE AW s T HAIDE 74k
PRMZR 2 G810 CT UG RG2S . Philip A RIBAEINE 2 A8 CT IHFFFISLE
TAE, D T TS BRIl Bl W, SRR AR AT R
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AT IR B M, XL XRE X S 2 R A s P
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W RN, HEMREZ G PR R R AT Z (. BRI WIEAR A i oY
AR AE WM AL Al A SR e B e Bd A T AR U, RETS AU RCIE IR LR 52
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RSN R 2 —, AT T AT A2 Sk B HE LS, IF HA R 2 i 2 (g
ATl Chuang 2724 7 i3 2 WAL U ROR 32 BB XUREBE AL 1 )
IR R IXIA], AEREAS T XA AR AN RN 2 BT I L, AT EE 9T T 56 155 4%
AHL M B R ETTE" . Zhang " SEIIR I T 3 T REEAS T IO RE A U7k, 78 R b
SO T RE A Ak T A SR 1

MEERBA X FLereit s Byl ARG #Ed, YR8l oo il (Hi T
SUFHIPI RIS, FLREWE [ X o> BEAN R, o S A ) e, BRI A2 0 DR 3 200 SR R A
JURRAE. W5 I N Z RS S, o ATTET GO )
2 NFITEERNEE RS BEIL &R

X SR BRM L CT RGP B AR 4y« AW X B 2ok e myTRER N &, JF
BAL N HAE S, Sk i AR A PR E T LRSS . HATAE X ST A
CT A8 R G rh 3 B FH (AR o8 AT =, QFEARERMZS, I BRARERI & A AR 25 o
2E TV CT ARG fic iy FH B AR AR 2%, X 5 2ol i By ORRAE DA AR 3 T80 TR AR G 1
TH O PR B A A T I 4 A FA 5 T S S o R AR AR B

D61 o BRI F A Oy 1 A R A R R I — TR, 43 2 Tk B T OGTE R A
FUo XFPHRM A5 N T PET A SPECT Wt O 2 ER s, HZITS4E A4 a4 X
SEGEA CT B SRV« LI E RS X S EE A CT g wr LB 48 2 A 4
e R0 o BOR DR R PR B T R, O 1 o AR 28 5 EE R NSO AR —
AL AR BEAT 43 A1, PRI I JE B X IR, R R A R AN TR G T S 9 IR
YER S tEE . 5ok, X BB A CT BeGoxd M0 #8517 He R SR AR &, PR T
P BRI B N H o Ha, BEE BRI AW A RE, JUH 2 127 Ab P R 1) podi 2
A, X LG ) AR AR RS B . VEZ BRI, DG U BRI S e AR OK X Ze Rk
RATUR 1) % 7 1

D61 v BRI S w] LT I VR A B, DR RR e SRR bk, i Ay B SE
AV BRACRE W A5 0 R 45 R R . i W T 2 I H A B, R DR A NG
6T 5 B AR A 2 BK 5 5, O OGF B BE A R IR 6T R 3 A [F]
RE DX 20 AT Bb, AR o8 BE 1S /0 A 1 X B2k RE X AT o 4, B8 2R [H BE
DX g g5 o X P T AR AL GE ) “Oh AR g 7 X, AN F BEIX 2 7] 58 42 ¥
HES, XpEEL. HATAAERIER B RS, Wik TG0 & AR —
SRR, $Em TSR ORE R . B G A AT AR A KR I #S (Charge integrating
detector) AHLL, Ju¥iHEERM S RAMEZ WA B, ©n LI BRACHEME 5 X0 T
B R R, AR E T EIB R A, O TR RE R, kAT L
REIA R REX )R AR, B X LB m “Ea” 5INT “RB6A7, hHIg e
KT —RINA LR,

T 10 4Pk, 5 AH N mod AR PR L R A 3 TR S, AT ) DAY,
T X SZ R et BRI g, B8 SE b B B Bkl . By, Wyt
FHE 2 BRI 2 A PR, — MO AR (Cadmium Zine Telluride, CZT) AFEMEIE



144 CT P 5 N H 5T 20 %

(R PARERI B o CZT A F R R B — iR I 24L& 1 CdTe Rl ZnTe [KIRG
WL — e A AR K R R, LR B R R Aoy e Re )0, A2 H RTF i
ZIRMES AR 2 —o S —F itk (Cadmium Telluride, CaTe) HMARME|BIFIRIIAS o
X PR B a1 T BRI 28 55 2 B IV ER B SLABAA BRI 88t nT DRIV Bk a1
PR 1997 4F Arfelli ™ HRHIH T N TREZRI B 11 405 2, 2004 4F Thunberg
o P T AR T B SR S, 2004 4E Shikhaiev 25T H Tt i AR
(Micro—Channel Plate, MCP) TIEUZUERIMZS . A A AR 0] LUIECH B BRI 28, (HER
TBCRBAR, W rbE R X SRR R0 PR Z, RILTE DR 1 CT & ANE A,
HAEFUIR A, T 2R Bl S i DR S T e R SR ™ o T, 3T S A ) T
GUIF AR ORI IR . 90 AEARWIITTAA, LA CERN 223k IFHes 16 MRS ITE T
Medipix T H , B0 FBE0E T 1B I A8 75 i B BRI B 27 g Pk R 2 HEap—
A7k Medipix—1 HAT 64 x 64 AMEFE, BFE AN 170 pmx 170 pm ™o 55 74X Medipix-2
WEEHHI e, HEEANMEL BTN A Medipix—2 Je PRI #, CERN 2%
RN 22 AT T — RIUIIRTSY, OFSEA R CT g b ARG S ™, iR )
AR R A S AR R S, HAREAECh 256 x 256, AN ) g 3 LA
8~140keV, AR HERL N 2 keV. LRI CLAE CT SKIAENLH AR T . HT,
ST BRI S AN T SR e T ik 6 x 10° AN T /mm’/s ™ I B I 2 R A S sk
R AT o
3 ZHEIEMGEAMMESHE=
3.1 ATFREWNERE

FREEI) X A% R GE A P AR TR B, 6T IR B UR AE R I 2% P e o v
5%, BUEIDGT B ook (AR A GE & E

b (AR, R RO 5 Y [
R, TR0 P G0nd L e Gl
A%, B AR R T Hl“ ““l ,0
BT KA T AR, 7T LIRS 8 £

TR, IXFOTERARY 6T RE R A

30]
°

(photon energy weighting imaging)” '
I A T AR R A T ] O

WK 1R, BIERERG2>Ai A ¢(E) 1 X
B/ HR BT L T A0, l l l l l
R L AR SR BN > A
MORH RN 1, » B 1, > 1y, | 1
ANSFHICT IR 1, o 2 X S5 I PR
o, RGO L, i
MR ST THEC Vo IR R AR XS BT e e g g fay i AR 2 ]

- . Fig.1 A simple imaging model with photon
Hﬁg{ﬁuﬁ% H:/A\itﬁu—l: counting X-ray detector
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Multi-energy X-ray Imaging Technique and Its
Application in Computed Tomography

HAO Jia®®, ZHANG Li**, CHEN Zhi-giang™®, XING Yu-xiang™’, KANG Ke-jun™’

a). Department of Engineering Physics, Tsinghua University; b). Key Laboratory of Particle &
Radiation Imaging (Tsinghua University), Ministry of Education, Beijing 100084, China

Abstract: With the rapid development of X-ray detectors, photon counting energy dispersive detectors become
more and more popular in X-ray imaging area. Using this kind of detectors, a polychromatic X-ray spctrum can be
seperated into different energy regions and the photon number in each energy region can be counted independently,
thus attenuation coefficients under different photon energies can be obtained. Multi-energy X-ray imaging
technique opens up new perspectives within the fields of X-ray imaging. This paper introduces the latest
development of photon counting X-ray detector and its application in medical imaging. Also some advantages of
this technique in CT imaging are presented in this paper such as dose reduction, SNR improvement and precision
improvement of material discrimination. Recently, a lot of research institutes are dedicated to faster electronic
device and readout chip for photon counting detectors. With the rapid development of multi-energy imaging, it
will bring a large revolution for X-ray imaging.
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